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DOCUMENT- IDENTIFIER: US 5262168 A 
TITLE: Prostaglandin-lipid formulations 



Brief Summary Text (17) : 

Thus, the present invention discloses a liposome composition which comprises an 
arachidonic acid metabolite which is preferably a prostaglandin, a lipid, a drying 
protectant, and a partition-enhancing buffer or buffering system. The prostaglandin 
is preferably prostaglandin E.sub.l. The liposomes can possess a transmembrane 
chemical potential such as a concentration gradient, which is preferably a pH 
gradient . The partition-enhancing buffer system comprises two solutions, one being 
a solution of a drying protectant, preferably a saccharide solution, and the 
second, preferably a citric acid solution. The saccharide solution is preferably 
dextrose, sucrose, or maltose, any of which may be combined with mannitol . Other 
protectants that may be used include dextran, poly (vinyl alcohol), or albumin. The 
pH of the protectant solution is preferably relatively basic, at about pH 3 . to 
about pH 11, most preferably about pH 7. The drying protectant solution, preferably 
a saccharide solution, is present in about 5% to about 20% by weight, most 
preferably about 10% to about 12%. The liposome solution can then be size-reduced 
by, for example, an extrusion or homogenization procedure. The resulting solution 
can be dried by a dehydration or a lyophilization procedure. The citric acid 
solution is preferably of pH about 2.5 to about 4.5, more preferably pH 3.0. 
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Jun 9, 1998 



DERWENT - ACC -NO : 1998-347242 
DERWENT -WEEK: 199830 

COPYRIGHT 2 005 DERWENT INFORMATION LTD 

TITLE: Kits for loading vesicles with chemical species, e.g. drug - use pH gradient 
imposed on vesicles to encapsulate species 

Basic Abstract Text (1) : 

Kit for loading liposome vesicles, which have a membrane permeable to a chemical 
species (CS) to be loaded, comprises: (a) a first compartment including a first 
solution (SI) which comprises liposome vesicles; (b) a second compartment which has 
a second solution (S2) ; and (c) a charged CS which is present in either SI or S2 . 
The vesicles comprise: (i) an acid, which is impermeable through the vesicle, 
giving an acidic vesicle-containing aqueous medium in which the acid is present in 
the internal and external liposome phases; or (ii) a base, which is impermeable 
through the vesicle, giving a basic vesicle-containing aqueous medium in which the 
base is present in the internal and external liposome phases. S2 comprises: (i') a 
base which will induce a cationic CS to pass into the liposomes internal acidic 
aqueous phase; or (ii 1 ) an acid which will induce an anionic CS to pass into the 
liposomes internal basic aqueous phase. The CS is cationic when the first 
compartment comprises an acid, and is anionic when the first compartment comprises 
a base. Also claimed are: (A) a kit for loading liposome vesicles (which have a 
membrane permeable to an acidic or basic compound to be loaded), comprising: (a) a 
first compartment including a first solution (SI 1 ) which comprises liposome 
vesicles, which are as above; (b) a second compartment which includes a second 
solution (S2'); and (c) a third compartment including a compound which, when 
combined with SI 1 , will produce a solution with a physiologically benign pH with 
regard to the blood of a mammal. S2 1 comprises a compound (or mixture of compounds) 
which, when combined with SI 1 , will adjust the pH of SI 1 so as to provide a pH 
gradient between (i) SI' within the vesicle and (ii) S2 ' ; and (B) a kit for loading 
liposome vesicles, which have a membrane permeable to a CS to be loaded, 
comprising: (a) a first compartment including a first solution (Sl ,f ) which has a 
selected pH and comprises liposome vesicles, where SI 1 1 ; (i) has an internal 
liposome phase and an external liposome phase, (ii) is impermeable through the 
vesicle, and (iii) is present in the internal and external liposome phases; and (b) 
a second compartment including a second solution (S2 1 ' ) which has a pH which is 
lower or higher than the selected pH of SI' 1 , which will induce an ionic CS to pass 
into the liposomes [ internal aqueous phase. The ionic CS is present in either SI ' ' 
or S2 1 '. The CS is anionic when S2 1 ' is more acidic than SI' 1 , or is cationic when 
S2 1 ■ is more basic than SI ' ' . 

Basic Abstract Text (2) : 

USE - The kits may be used for accumulation of drugs (or other chemicals) within 
synthetic, lipid-like vesicles, using a pH gradient imposed on the vesicles just 
prior to use. 

Standard Title Terms (1) : 

KIT LOAD VESICLE CHEMICAL SPECIES DRUG PH GRADIENT IMPOSE VESICLE ENCAPSULATE 
SPECIES 
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L2 : Entry 19 of 24 



File: USPT 



Jun 9, 1998 



DOCUMENT- IDENTIFIER: US 5762957 A 

TITLE: Method for loading lipid like vesicles with drugs of other chemicals 



Abstract Text (1) : 

A method for accumulating drugs or other chemicals within synthetic, lipid-like 
vesicles by means of a pH gradient imposed on the vesicles just prior to use is 
described. The method is suited for accumulating molecules with basic or acid 
moieties which are permeable to the vesicles membranes in their uncharged form and 
for molecules that contain charge moieties that are hydrophobic ions and can 
therefore cross the vesicle membranes in their charged form. The method is 
advantageous over prior art methods for encapsulating biologically active materials 
within vesicles in that is achieves very high degrees of loading with simple 
procedures that are economical and require little technical expertise, furthermore 
kits which can be stored for prolonged periods prior to use without impairment of 
the capacity to achieve drug accumulation are described. A related application of 
the method consists of using this technology to detoxify animals that have been 
exposed to poisons with basic, weak acid or hydrophobic charge groups within their 
molecular structures. 

Brief Summary Text (2) : 

The invention relates to a method for loading liquid- like vesicles with a drug or 
other chemical species by establishing a preimposed pH gradient . 

Brief Summary Text (10) : 

In accordance with an embodiment of the present invention, a method is set out for 
loading lipid-like vesicles having a membrane permeable to a chemical species to be 
loaded from a loading solution wherein the concentration of the loaded chemical 
species within the vesicle is greater than the concentration of the chemical 
species in the loading solution and the loaded chemical species can be 
substantially maintained within the vesicle for at least one -quarter hour following 
loading. The method comprises inducing a pH gradient across the vesicle membrane 
while the vesicle is in the loading solution containing the chemical species with 
the pH gradient having been selected to drive the chemical species into the 
vesicles . 

Brief Summary Text (11) : 

In accordance with a second aspect of the present invention, a method is set out 
for loading lipid-like vesicles having a membrane permeable to a chemical species 
to be loaded and having the capability to maintain the loaded chemical species 
within the vesicle for at least one-quarter hour following loading by inducing a pH 
gradient across the membrane. The method comprises incorporating within the vesicle 
a buffer solution buffered to a selected acid or alkaline pH and having a selected 
molarity and at least one selected pKa approximately equal to the selected buffer 
pH. The membrane is substantially impermeable to the buffer for at least one- 
quarter hour following loading of the chemical species and the vesicles are 
positioned in a bulk solution having a selected pH. The term "solution" is 
sometimes used loosely in the application to indicate a suspension in instances 
where lipid-like vesicles are present (i.e. suspended) in a solution. 

Brief Summary Text (17) : 
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The kit further comprises a second separate compartment having a first substance (a 
compound or a second solution etc.) which when combined with the first solution 
will adjust the pH of the first solution so as to provide a predetermined pH 
gradient between the buffer within the vesicle and the pH adjusted first solution 
what will drive the chemical species into the vesicles. The kit also includes a 
third separate compartment having a second substance (yet another compound or a 
third solution etc.) which when combined with the pH adjusted first solution will 
further change the pH of said pH adjusted first solution to a value physiologically 
benign with regard to the blood of a mammal . 

Brief Summary Text (19) : 

In accordance with a still further aspect of the present invention, a method is set 
forth for loading lipid-like vesicles having a membrane permeable to a chemical 
species to be loaded and the substantially maintaining the loaded chemical species 
within the vesicle for at least one -quarter hour following loading by inducing a pH 
gradient across the membrane. The method comprises incorporating within the vesicle 
a buffer solution buffered to a selected acid or alkaline pH and having a selected 
molarity at least one selected pKa approximately equal to the selected pH. The 
membrane is substantially impermeable to the buffer for at least one -quarter hour 
following loading. The vesicles are positioned in a bulk solution having a selected 
pH of either 0 . 5 to 3 pH units lower or higher than the pH of the buffer thereby 
establishing a transmembrane electrical potential. The inside of the vesicle will 
be positively charged if the pH outside the vesicle is more acid than inside or the 
inside of the vesicle will be negatively charged if the pH outside the vesicle is 
more basic than inside. The bulk solution is provided with a chemical species 
having membrane -permeable negatively charged ions if the membrane charge within the 
vesicle is positive or membrane -permeable positively charged ions if the membrane 
charge within the vesicle is negative. 

Detailed Description Text (2) : 

In accordance with aspects of the present invention, a method and kits are provided 
for quickly and efficiently loading vesicles have a membrane permeable to a 
chemical species having one or more selected acid pH responsive groups or basic pH 
responsive groups by inducing a pH gradient across the membrane of the vesicle. The 
vesicles contain a buffer solution buffered to a selected acid pH if the pH 
responsive groups of the chemical species are basic or an basic pH if the pH 
responsive groups of the chemical species or drug are acid. 

Detailed Description Text (3) : 

The movement of many molecules across a vesicle membrane involves proton gradients 
( pH gradients ) as the driving force (Rottenberg, H. , "The Measurement of Membrane 
Potential and . DELTA. pH in Cells Organelles, and Vesicles", Meth. Enzymol, 55:547- 
569 (1979), Reinhold, L. and A. Kaplan, "Membrane Transport of Sugars and Amino 
Acids", Ann. Rev. Plant Physiol., 35:45-83 (1984). Electron spin residence (ESR) 
methods have been used to measure transmembrane pH gradients . Spin-labelled amines 
and carboxylic acids (amines and acids labelled with nitroxide free radicals) such 
as Tempamine and Tempacid have been used as probes to measure the pH gradient . 
These probes are freely permeable to the membranes and the relative concentration 
of the probes within the vesicles provided a direct measurement of the pH gradient . 
ESR spectroscopy monitors probe partitioning between the aqueous and membrane 
•phases giving easily resolvable signals. The effectiveness of the spin labelled 
nitroxide probes for determining transmembrane pH gradients has been well 
documented in both bacterial and animal systems. (Mehlhorn, R. and I. Probst, Meth. 
Enzymol., 88:334-344 (1982) andMelandri, B., R. Mehlhorn, and L. Packer, "Light- 
Induce Proton Gradients and Internal Volumes and Chromaphores of Rhodopseudomonas 
Spheaeroides" , Arch. Biochem. Biophys., 235:97-105 (1984). However, in these 
previous studies these pH responsive molecules (spin labeled amines and weak acids) 
were used only as probes. Since these studies involved the determination of 
transmembrane pH gradients only very low concentrations of the pH-responsive 
molecules could be used so as to avoid disturbing the pH gradient being studied 



http://westbrs:9000ftin/gate.exe? 12/12/05 



Record Display Form 



Page 3 of 7 



which was generated as a result of natural processes, e.g., the so-called proton- 
motive force in mitochondrial respiration. 

Detailed Description Text (6) : 

The method and the kits utilize a preimposed pH gradient between the buffer in the 
vesicles and the solution containing the vesicles to cause the desired chemical or 
drug to be accumulated and encapsulated by the vesicles. The general rule is that 
for every unit of pH difference a tenfold accumulation of the chemical occurs. For 
drugs containing several titratable groups the accumulation behavior is altered. 
Thus a drug which has two amino groups, having pKa's that are greater than the pH 
of the final solution, can be accumulated a hundred- fold with a pH gradient of one 
unit. A drug with three such amino groups can be accumulated a thousand-fold in the 
presence of a one-unit pH gradient etc. Conversely for a multi-acid drug, its pKa 
must be less than the pH of the final solution, for such substantial accumulation 
to occur. 

Detailed Description Text (7) : 

The chemicals or drugs that may be incorporated using the present method of 
encapsulation include those species that have acid or basic pH responsive groups, 
hydrophobic delocalized charged ions or that may be provided with such. The vesicle 
is prepared by the entrapment of a buffer which will not permeate the membrane in 
the preparation of the vesicle. The buffer is selected so as to establish the pH 
gradient required to take up the specific chemical species or drug. The preparation 
of the vesicle is carried out by stirring and sonication. If the vesicles are to be 
administered, parenterally , in the solution that provides the external portion of 
the pH gradient, they are prepared in a buffer that is either more acidic or more 
alkaline than the physiological pH that they will encounter in the animal. 

Detailed Description Text (8) : 

Subsequently the vesicles are treated with an alkaline or acid buffer, 
respectively, which will not permeate the vesicles membrane, thereby causing a pH 
change on the exterior but not interior of the vesicles. The resulting vesicles 
will therefore have a pH gradient between their interior and exterior. This 
gradient provides the driving force for accumulating the drug or chemical within 
the vesicle interior. As stated before, the larger the pH gradient, the larger the 
concentration gradient of the drug or chemical. Although a gradient of any 
magnitude will accumulate a drug, considerations of directing the drug to specific 
tissues, while minimizing its effects on non- targeted tissues dictate that the pH 
gradients be maximized. 

Detailed Description Text (9) : 

The practical limits of the pH gradients are set by the tolerance of lipid-like 
material that is used in preparing the vesicles. For simple biological lipids like 
soybean phosphatides pH extremes of 4 and about 10.5 are readily tolerated for 
extended periods of time. The actual pH limits for a particular preparation of 
vesicles could be significantly larger, depending on how long the vesicles are to 
be stored which in turn depends on the stability of their lipid-like constituents. 
For example, vesicles to be loaded with amines are prepared in the presence of an 
acidic buffer such as citrate that has a pKa in the range of interest (usually 
about 5) and a pH of 4. This treatment ensures that the buffer will be contained 
within the liposome. Similarly, in cases where the liposomes are to be loaded with 
acidic molecules (carboxyl groups), the liposomes are prepared by sonication in the 
presence of a impermeable alkaline buffer that has a pKa of about 10. 

Detailed Description Text (11) : 

After the vesicle has been prepared, the pH of the solution containing the vesicle 
is usually adjusted by the addition of an acid or a base to a pH of , respectively, 
at least about 0.5, 0.3 or 0.2 pH units higher than the pH of the buffer if the 
buffer is acidic and the chemical species has respectively one, two or three or 
more basic pH responsive groups and at least about 0.5, 0.3 or 0.2 pH units lower 
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than the pH of the buffer if the buffer is basic and the chemical species has 
respectively one, two or three or more acid pH responsive groups. In instances 
where it is desirable to inject the animal immediately with the vesicle containing 
solution having the adjusted pH, the pH is adjusted to a physiologically benign 
value of between about 7 and about 7.8, preferably about 7.4. This adjustment of 
the pH by addition of an acid or base establishes a pH gradient that drives the 
weak acid or base (i.e., the chemical species), into the vesicle interior. The 
chemical's loading rate will depend on the pKa and will be complete within less 
than a minute for low molecular weight (MW less than 500) amine chemicals with pKas 
less than 10 and having no charge or strongly polar groups other than the amino 
group. Analogously, weak acids having pKas greater than 4 will accumulate in the 
liposomes in about one minute, unless they bear strongly polar groups other than 
their carboxyls. For simple amine chemicals having a pKa greater than 11 
equilibration will be slower than one minute. Analogously, a simple weak acid 
having a pKa lower than 4 will require more than one minute for equilibration. For 
more polar compounds, equilibration rates have to be determined for the specific 
chemicals . 

Detailed Description Text (14) : 

After incorporation the chemical will remain in the vesicle for fifteen minutes to 
several hours depending on the chemicals, until the buffer leaks out of the 
vesicle. One should be aware that decay of the initial drug content may occur 
because of dilution of the water volume outside of the vesicles when they are 
injected into an animal. This decay will generally occur much more slowly than the 
initial loading process because of favorable effects of the pH gradient on the 
vectorial movement of the drug across the vesicle membrane. This insures that a 
drug will reach its targeted tissue before significant leakage out of the vesicles 
can occur. This time period of usually several hours allows the chemical or drug to 
be carried to its desired destination and prevents it from acting in areas that 
would be deleterious to the animal . 

Detailed Description Text (15) : 

This technique of incorporating a chemical species within a lipid-like vesicle 
containing a preselected buffer by means of a pH gradient can be used to rescue 
clinical patients who have received toxic overdoses of drugs having acid or basic 
pH .responsive groups (amine or carboxyl functions, etc.). Such drugs include a host 
of molecules such as general anesthestics , barbiturates (weak acids), aspirin, and 
other salicylates (acids) for which antidotes are not available. Injections of 
large volumes of the lipsomes suspended in a solution having a physiologically 
benign pH (usually about 7.4) can divert the drugs from their normal biological 
targets such as nerve cells to the liver where they will be metabolized and henced 
detoxified. For some drugs like aspirin, where elimation from the body does not 
involve significant liver metabolism, liposome injection would nevertheless provide 
a means for diminishing the toxic effect of the drug by reducing high blood 
concentration during the initial phase of intoxication. The liposomes containing 
the toxin may also be removed by means of dialysis. 

Detailed Description Text (16) : 

The kits, as described above, also utilizes a pH gradient to load lipid-like 
vesicles. Referring now to FIG. 1, it will be noted that the kit apparatus 
illustrated comprises a syringe (10) having a glass, plastic, etc. barrel (9) 
having a first compartment (12) , having a first solution (13) and a second 
compartment (14) having a second solution (15) . The first compartment (12) is 
separated from the second compartment (14) by an impermeable barrier (16) made of 
rubber, plastic or the like. The syringe (10) also comprises a plunger (18) and a 
needle (20) . The needle is surrounded by a protective sheath (21) . The first 
solution (13) contains the membranous vesicles (22) magnified in size in FIG. 1 so 
as to be visible, containing a buffer (24) having either an acid or alkaline pH. In 
most instances the buffer (24) and the first solution (13) will be identical with 
the vesicles (22) having been prepared in the first solution (13) . 
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Detailed Description Text (20) : 

Liposomes of soybean lipids were prepared according to a variation of Miyamoto and 
Stoeckenius, supra by sonication of 1 gm of asolectin in the presence of 10 mis of 
100 mM sodium citrate at pH 5.0. Spin-labeled primary amine Tempamine (Aldrich 
Chemical Co.) was added to 50 .mu.M citrate solution containing the pre-sonicated 
vesicles to give a final concentration of 20 .mu.M, and a sufficient amount of 5 
molar sodium hydroxide was also added to the solution to raise the pH of the 
solution to 7.4. This resulted in a 300-fold accumulation of the Tempamine inside 
the vesicles within one minute of the addition of the base. The rate of uptake of 
the amine depends on the pKa of the amine. As determined by ESR spectroscopy the 
resulting pH gradient was stable for several hours. 

Detailed Description Text (24) : 

Lipid vesicles, containing 15 mg/ml of Sigma Type II-S phosphatidyl choline were 
prepared by sonication in a 120 mM lysine/phosphate buffer (chloride-free) at pH 
10.5. The total sonication time was three minutes, with intermittent cooling. The 
vesicles were incubated for two minutes with 20 .mu.M of the spin- labeled 
carboxylic acid, prepared by reacting 1M succinic anhydride with one equivalent of 
Tempamine in chloroform, in the presence of a sufficient amount of a 100 mM citric 
acid to lower the external pH to 6 (approximately 1 volume equivalent) . Analysis of 
the intravesicular concentration of the spin- labeled acid by ESR spectroscopy 
revealed that a more than 1,000-fold increase had occurred in response to the 
imposed pH gradient . 

Detailed Description Text (25) : 

The vesicles were then transferred into a piece of dialysis tubing that had been 
spread into a flattened geometry to minimize the diffusion path of internal 
molecules to its surface. When the dialysis tubing was placed in a large volume of 
phosphate buffer in isotonic saline solution, this system simulated the 
physiological situation that would arise when vesicles are injected into the blood, 
where dilution of the drug outside the vesicles would occur as the vesicles moved 
through the circulation. When the tubing was placed into a beaker containing more 
than a ten- fold excess of lysine buffer; the pH gradient that had been preimposed 
was largely collapsed upon mixing of the aqueous phases inside and outside of the 
tubing. Table I shows the kinetics of efflux of the spin-labeled acid out of the 
dialysis tubing, and also shows the kinetics of the same probe when incubated with 
vesicles that have not been subjected to a pH gradient . 

Detailed Description Text (26) : 

It is clear from the data in Table I that when the intradialysis concentration of 
probes was examined at the end of the incubation period, the vesicles that had been 
loaded with the pH gradient had retained a much higher concentration of the acid 
than those without a pH gradient . This example also indicates that it is 
unnecessary to maintain the pH gradient subsequent to the chemical loading 
procedure . 

Detailed Description Text (30) : 

Liposomes are prepared according to Example 1 or 2 and are concentrated by means of 
a standard filtration concentration to a concentration of approximately 50 mg 
asolectin per 1 ml of 100 mM sodium citrate. The resulting lipid-like solution is 
injected in mice as described in Example 2 such that the final infusion is 
approximately 1% of total fluid body volume of asolectin. This example indicates 
that large volumes of liposomes having substantial pH gradients can be injected 
into animals without serious adverse effects. 

Detailed Description Text (33) : 

Vesicles are prepared at pH 4 . 5 as before. The vesicle solution contains 10 .mu.M 
of the cyanine dye dithiazanine iodide. To achieve internalization of the cyanine 
dye, the vesicles are mixed with a 100 mM solution of sodium triphosphate of 
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sufficient volume to raise the pH of the mixture to 7.4. This generates a pH 
gradient acid-inside in the vesicles and this pH gradient in turn generates an 
electrical gradient of about 180 millivolts, negative inside the vesicles. The 
positively charged cyanine dye, whose delocalized charge renders it membrane 
permeable, is driven into the vesicle interior in response to the electrical 
potential, reaching a final accumulation of a thousand fold relative to the aqueous, 
solution outside of the vesicles. Since the vesicles are prepared with a internal 
volume of about 10%, the final cyanine concentration inside the vesicles is about 
100 .mu.M, while the external cyanine concentration is about 100 nM. 

Detailed Description Paragraph Table (1) : 

TABLE I ESR signal leaking out of dialysis 

tubing containing vesicles that had been incubated with a spin labelled carboxylic 
acid in the presence and absence of a pH gradient. No pH gradient pH gradient Time 

(min) ESR signal Time (min) ESR signal 3 

0.09 15 0.11 10 0.15 30 0.12 20 0.17 45 0.15 40 0.18 internal 0.24 internal 3.0 



Other Reference Publication (5) : 

Deamer et al, "The Response of Fluorescent Amines to pH Gradients Across Liposomes 
Membranes", Biochemica et Biophysica Acta, 274:323-335 (1972). 

Other Reference Publication (9) : 

Mehlhorn et al, "Light -induced pH Gradients Measured with Spin-Labeled Amine and 
Carboxylic Acid Probes: Application to Halobacterium halobiumCell Envelope 
Vesicles", 88:334-344 (1982). 

Other Reference Publication (11) : 

Nichols et al, "Catecholamine Uptake and Concentration by Liposomes Maintaining pH 
Gradients " , Biochemica et Biophysica Acta, 455:269-271 (1976). 

CLAIMS : 

1. A kit for loading liposome vesicles having a membrane permeable to a chemical 
species to be loaded comprising: 

a first compartment including a first solution which comprises liposome vesicles, 
wherein said vesicles comprise: 

(i) an acid which is substantially impermeable through the vesicle to give an 
acidic vesicle-containing aqueous medium in which the acid is present in the 
internal and external liposome phases; or 

(ii) a base which is substantially impermeable through the vesicle to give a basic 
vesicle-containing aqueous medium in which the base is present in the internal and 
external liposome phases; 

a second compartment having a second solution, wherein said second solution 
comprises 

(i) a base which will induce a cat ionic chemical species to pass into the 
liposomes' internal acidic aqueous phase or 

(ii) an acid which will induce an anionic chemical species to pass into the 
liposomes' internal basic aqueous phase; and 

a charged chemical species which is present in either the first or the second 
solution, wherein said chemical species is cationic when said first compartment 
comprises an acid, and is anionic when said first compartment comprises a base. 
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8. A kit for loading liposome vesicles having a membrane permeable to an acid or 
basic compound to be loaded comprising: 

a first compartment including a first solution which comprises liposome vesicles, 
wherein said vesicles comprise: 

(i) an acid which is substantially impermeable through the vesicle to give an 
acidic vesicle-containing aqueous medium in which the acid is present in the 
internal and external liposome phases; or 

(ii) a base which is substantially impermeable through the vesicle to give a basic 
vesicle-containing aqueous medium in which the base is present in the internal and 
external liposome phases; 

a second compartment including a second solution, wherein said second solution 
comprises a compound or mixture thereof which when combined with the first solution 
will adjust the pH of the first solution so as to provide a pH gradient between the 
first solution within the vesicle and the second solution; and 

a third compartment including a compound which when combined with the first 
solution will produce a solution having a physiologically benign pH value with 
regard to the blood of a mammal. 

15. A kit for loading liposome vesicles having a membrane permeable to a chemical 
species to be loaded comprising: 

a first compartment including a first solution having a selected pH which comprises 
liposome vesicles, wherein said solution (i) has an internal liposome phase and an 
external liposome phase; (ii) is substantially impermeable through the vesicle; and 

(iii) is present in the internal and external liposome phases; 

a second compartment including (i) a second solution having a pH which is lower 
(more acidic) or higher (more basic) than the selected pH of the first solution 
which will induce an ionic chemical species to pass into the liposomes' internal 
aqueous phase; and 

wherein said ionic chemical species is present in either the first or the second 
solution, and said species (i) is anionic when said second solution is more acidic 
than the first solution or (ii) is cationic when said second solution is more basic 
than the first solution. 



Previous Doc 



Next Doc 



Go to Doc# 



http://westbrs:9000/bin/gate.exe?f=doc&state=dajk6h.3 . 1 9&ESNAME=KWIC&p_Message. . . 12/1 2/05 



Record Display Form 



Page 1 of 3 



First Hit Fwd Refs 



Previous Doc Next Doc 



Go to Doc# 




L2 : Entry 17 of 24 
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DOCUMENT- IDENTIFIER: US 5785987 A 
TITLE: Method for loading lipid vesicles 



Abstract Text (1) : 

Methods for the preparation of stable liposome formulations of protonatable 
therapeutic agents. The methods involve loading a therapeutic agent into preformed 
liposomes having a methylamine concentration gradient across the lipid bilayer of 
the liposomes . These methods provide liposome formulations which are more stable, 
more cost effective, and easier to prepare in a clinical environment than those 
previously available. The present invention also provides the pharmaceutical 
compositions prepared by the above methods, a kit for the preparation of liposome 
formulations of therapeutic agents, and methods for their use. 

Brief Summary Text (8) : 

For drug encapsulation, there is a need to increase the trapping efficiency such 
that the drug to lipid ratio is as high as possible, while maintaining the original 
chemical integrity of both drug and lipid. Consequently, the drug loading process 
should be mild and not subject the lipids, liposomes or drugs to harsh conditions 
such as extreme pH, high temperatures, or both. Once administration to a patient 
has occurred, drug release is a factor. Rapid release of pharmaceuticals from 
liposomes reduces the biodistribution benefits sought in utilizing lipid vesicle 
carriers. Accordingly, efforts to optimize pharmaceutical loading and to reduce the 
rate of release of pharmaceuticals from lipid vesicles have continued. For clinical 
applications, the liposome formulations should also be capable of existing stably 
in a formulated state or in a ready-to-mix kit to allow for shipping and storage. 

Brief Summary Text (11) : 

The present invention provides methods for the preparation of stable liposome 
formulations of protonatable therapeutic agents. The method involves loading a 
therapeutic agent into preformed liposomes having a methylamine concentration 
gradient across the lipid bilayer of the liposomes . This method provides liposome 
formulations which are more stable, more cost effective, and easier to prepare in a 
clinical environment than those previously available. Additionally, these methods 
have application to a broader spectrum of pharmaceutical agents than methods 
previously described. The present invention also provides the pharmaceutical 
compositions prepared by the above method, a kit for the preparation of liposome 
formulations of therapeutic agents, and methods for their use. 

Detailed Description Text (41) : 

Despite this more "active" loading process, some of these methods still suffer from 
inefficient drug loading or limitations resulting from the particular media used. 
For example, Mayer, et al . , J. Biol. Chem. 260:802-808 (1985), describe the loading 
of a local anesthetic dicubaine, into liposomes using Na+ and K+ gradients. 
However, only 52% loading was achieved. Methods which involve H+ ion gradients (or 
pH gradients ) have proven useful for a number of liposome loading applications. 
Nevertheless, these methods also have their limitations. For example, one method 
which uses a pH gradient involves preparing liposomes having an acidic interior 
medium and a neutral exterior medium. The use of an unphysiologically acidic pH can 
degrade some drugs and also promote lipid hydrolysis and subsequent leakage of any 
encapsulated drug. Additionally, the method does not appear to be useful for those 
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drugs which have both a basic amine functionality and a carboxylic acid 
functionality (e.g., amino acids, small peptides and zwitterionic drugs). For 
example, Chakrabarti, et al . U.S. Pat. No. 5,380,531 describes pH loading methods 
for amino acids and peptides in which the amino acids and peptides are first 
derivatized to their ester or amide forms. Chakrabarti, et al . also note that the 
method does not work for the more basic amino acid esters and peptide esters such 
as histidine methyl ester, (Lys).sub.S methyl ester and Lys- (Ala) . sub. 4 methyl 
ester. Other problems which exist for pH loading methods involve the limited 
solubility of some drugs in a neutral external medium. For example, the quinolone 
antibacterial agent ciprofloxacin is essentially insoluble in water in the pH range 
6 to 8. If the external pH is lowered to about 5 (a point at which ciprofloxacin is 
adequately soluble) the gradient is insufficient for rapidly and efficiently 
loading the drug. 

Detailed Description Text (47) : 

Liposomes which encapsulate an aqueous solution of a methylamine salt can be 
prepared by any of the methods described above. Subsequent loading of the 
protonatable therapeutic agent into the liposomes will be dependent on the 
methylamine concentration gradient (or methyl ammonium ion gradient) and the pH 
gradient which also results from a change in methylamine concentrations between the 
lipid bilayers. The gradients are created by forming liposomes in a methyl ammonium 
salt solution, followed by removal or dilution of the salt from the external 
aqueous phase of the liposomes. A number of methylammonium salts are useful in the 
present invention, including methylammonium chloride, methylammonium sulfate, 
methylammonium citrate and methylammonium acetate. Other salts which are suitable 
in pharmaceutical formulations are known to those of skill in the art. The 
concentration of the methylammonium salt solution which is encapsulated can vary 
from about 50 mM to about 1M, however concentrations of 200 mM to 800 mM are 
preferred, with 300 mM to 600 mM being particularly preferred. In general an 
initial methylammonium ion concentration of about 600 mM is the most preferred. To 
create the concentration gradient, the original external medium is replaced by a 
new external medium having a different concentration of the charged species or a 
totally different charged species. The replacement of the external medium can be 
accomplished by various techniques, such as, by passing the lipid vesicle 
preparation through a gel filtration column, e.g., a Sephadex column, which has 
been equilibrated with the new medium, or by centrif ugation, dialysis, or related 
techniques . 

Detailed Description Text (48) : 

Depending upon the permeability of the lipid vesicle membranes, the full 
transmembrane potential corresponding to the concentration gradient will either 
form spontaneously or a permeability enhancing agent, e.g., a proton ionophore may 
have to be added to the bathing medium. If desired, the permeability enhancing 
agent can be removed from the preparation after loading has been completed using 
chromatography or other techniques. In either case, a transmembrane potential 
having a magnitude defined by the Nernst equation will appear across the lipid 
vesicles' membranes. The change in composition of the external phase causes an 
outflow of neutral methylamine from the interior encapsulated medium to the 
external medium. This outflow also results in a reverse pH gradient by accumulation 
of hydrogen ions left behind in the internal aqueous phase. An influx of a neutral 
form of a protonatable therapeutic agent into the liposomes replaces the 
methylamine . 

Detailed Description Text (65) : 

The present invention also provides liposomes and protonatable therapeutic agents 
in kit form. The kit will typically be comprised of a container which is 
compartmentalized for holding the various elements of the kit . The therapeutic 
agents which are used in the kit are those agents which have been described above. 
In one embodiment, one compartment will contain a second kit for loading a 
protonatable therapeutic agent into a liposome just prior to use. Thus, the first 
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compartment will contain a suitable agent in a neutral buffer which is used to 
provide an external medium for the liposomes/ typically in dehydrated form in a 
first compartment. The liposomes are vesicles which have an encapsulated 
methylammonium salt. In other embodiments, the kit will contain the compositions of 
the present inventions, preferably in dehydrated form, with instructions for their 
rehydration and administration. In still other embodiments, the liposomes and/or 
compositions comprising liposomes will have a targeting moiety attached to the 
surface of the liposome . As noted in sections above, one striking advantage for the 
kits described is their broader applicability for the uptake and retention of drugs 
such as, for example, ciprofloxacin. 

Detailed Description Text (75) : 

In the examples below, Example 1 illustrates difficulties associated with liposome 
uptake of ciprofloxacin using pH gradient methods. Example 2 illustrates 
differences in drug loading using a substituted ammonium ion gradient for the 
uptake of doxorubicin, vincristine and ciprofloxacin. Example 3 illustrates the use 
of a diamine for establishing ion gradients to facilitate drug uptake and the 
differences observed with different drugs. Example 4 illustrates the use of 
methylammonium sulfate to load a zwitterionic drug (ciprofloxacin) into liposomes. 
Example 5 illustrates attempts to load tryptophan (zwitterionic) into liposomes 
using methylammonium sulfate. Example 6 provides additional results for the loading 
of drugs into liposomes using methylammonium ion gradients and also shows the 
effect of vesicle composition, counterion, drug-to-lipid ratios and liposome 
surface conjugates. Examples 7 and 8 illustrate the retention of drugs in liposomes 
which were loaded using a methylammonium ion gradient. 

Detailed Description Text (89) : 

This example illustrates the attempts to efficiently load liposomes with 
ciprofloxacin using a pH gradient . 

Detailed Description Text (106) : 

This example illustrates the use of a methylammonium sulfate ion gradient to 
promote liposome uptake of ciprofloxacin and provides a comparison with the method 
above which utilizes EDAS or a pH gradient . 

Detailed Description Text (111) : 

As noted above, ciprofloxacin is zwitterionic at neutral pH and exhibits 
characteristics which make active loading into liposomes by such processes as pH 
gradients, very difficult. Surprisingly, ciprofloxacin has been found to be loaded 
into liposomes using a methylamine/methylammonium ion gradient (see Example 4) . To 
see if this behavior extends to other common zwitterionic compounds, the 
temperature -dependent uptake of the amino acid tryptophan was investigated. The 
results are provided in FIG. 9. The initial tryptophan/ lipid ratio was 1.0 using 
100 nm LUVs composed of DPPC/Chol (55:45). As can be seen in FIG. 9, essentially no 
uptake was observed at 45. degree. C. and very little (.about. 5%) was observed at 
60. degree. C. Thus, the ability to encapsulate ciprofloxacin does not extend to 
zwitterions such as tryptophan. 

Detailed Description Text (129) : 

This example illustrates the reduction in the rate of release of charged drugs from 
lipid vesicles using methylamine and pH gradients . 
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